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CHAPI'ER I 
PURPOOE OF THE STUDY 
Statement of the problem.-- The purpose of this investigation was to 
i; analyze, through testing, the extent to which childre~ in grades three a~d 
H 
if four were able to recognize subtraction as an appropriate operation to use 
'i 
I 
:! in solving certain social problem ... si tuations. From the analysis made of 
:· l ~ 
!I their responses, an attempt 'tvas then made to find a partial answer to the 
;! 
!: follmving questions: 
:i 
;! 
!• 1. Is the process of subtraction identified as a sui table 
operation more readily in same kinds of situations than 
in others? 
2. Is the ability to know when to subtract modified by factors 
of mental ability and grade level? If so, what is the 
extent to which these factors influence the child's 
ability to recognize subtraction? 
Source of the stu~.-- This study was prompted by the wri ter• s ob-
:: servation of the varied opinions among authors of professional arithmetic 
:i textbooks concerning the ld.nds of social problem-situations in which 
:! 
! subtraction would be an appropriate operation to use. There are conflicting . 
il views as to what subtraction "ideas" or 11si tuations" should be identified 
li 
1! and presented in connection with the systematic arithmetic program. Some 
;! "ideas" are developed specifically by one series of arithmetic textbooks 
and omitted or embodied under other subtraction "ideas" by another series. 
• 
• 
Children are often exposed to different types of subtraction problem-
situations all at once and they are told only to subtract to find the 
answer. Do these problems actually show the same kind of situation for a 
child who is trying to acquire the ability to recognize the uses of 
subtraction? 
Classifying the types of subtraction 11 ideas" or 11si tuations" 'Which 
.are met by the child in the elementary grades would show some of the per-
plexities he may encounter. Several classifications have been made by 
'different people. One such arrangement of the problem-situations, given 
by J. Fred Weaver during the course, "Improvement of Primary Grades 
Arithmetic" at Boston University in the fall semester of 1959, is as 
follows: 
I. Part-whole situations 
A. Subtractive-type situations 
1. Part-left situation 
2. Part-gone situation 
B. Additive-type situations 
1. Part-needed situation 
2. Part-at-first si tua ti on 
c. Miscellaneous other-part situations 
II. Whole-whole situations 
A. Comparison situations 
1. Excess situation 
2. Deficiency situation 
3. Comparison/difference situation 
This classification was the one chosen as a basis for the comparative 
research and for the test construction in this investigation. Illustrations 
of these situations by means of exemplifying problems are given in 
Chapter III. 
Justification of the stugy.-- Having become aware of the different 
views on the nature of subtraction as a mathematical operation in solving 
problems, the author sought verification of these variances in several 
i: textbooks. In Appendix A of this study, a table has been fonnulated to 
:: 
show the diverse opinions among leading authors of professional books 
regarding the types of subtraction situations to be taught. 
Of thirteen authors, all mentioned the subtraction idea of the 
"part-left" situation, but only six - Buckingham, Grossnickle, Hickerson, 
li Rosenquist, Wheat, and McSwain - mentioned the subtractive idea of the 
"part-gone" situation. 
Of the additive t,ype idea, ten instances of the "part-needed" 
situation were cited, but in no instance was the "part-at-first" given. 
li The "other-part" idea was referred to by but four leading authors -
:! !! Buckingham, Grossnickle, Rosenquist and Wheat. 
Of the last type, canparison, all authors mentioned the excess 
quantity or "how many more" situation; all but three - Marks, Spitzer, and 
Taylor cited the deficiency quantity or "how many fewer" situation; and 
all, with the exception of Marks, Morton, and Rosenquist, mentioned the 
!. "difference" situation. ~ l 
'-
(! Since these authors influence greatly the trends to be found in 
ari tbmetic instruction for the elementary grades, it is not unccmnon to 
I 
: find different subtraction "ideas" presented in children's textbooks and 
workbooks. For purposes of showing the similarities and differences in 
q the type of situations presented in the arithmetic series used in grades 
il 
!j 3 and 4, two tables have been constructed and are included in Appendix B. 
It can be noted that fewer "ideas" are taught in grade 3 than in 
grade 4. The "ideas" mentioned by all of the textbook series for both 
!i grades are the "part-left" situation and the "comparison" ("how many more" 
,, and "how many fewer") situations. The comparison("difference") situation 
'I 
H 
is cited in more instances in grade 4 textbooks. Eleven of the fourteen 
!i series mention the "part-needed" situation, whereas a relatively few 
mention the "part-gone" and "other-part" ideas. Only one, the Scott, 
Foresman Series, has cited the "part-at-first" situation. 
l !I With such a variety of subtraction 11 ideas" identified by motivating 
if 
!j 
authors and developed specifically in children's textbooks, there is a 
d need to determine whether or not children are able to recognize subtraction 
i 
ii as an appropriate operation to use more readily' in sane kinds of situations 
!I 
i 
,I than in others. 
I To quote Reckzeh:!/ 
"In fact the entire meaning theory, which is currently' 
accepted by the bulk of mathematics educators today, has an 
appallingly' small amount of authentic research on which to 
base its claims. There is a great need for careful research 
to investigate many of the issues discussed here." 
Glenadine Gib~ has conducted a similar investigation using three 
classifications of problem situations. They have been referred to as 
subtractive problems, additive problems, and comparttive problems, res-
pectively. Her findings were limited to a group of children in selected 
second grades in Dane County, Wisconsin. In her conclusion, she states 
the need for further study: 
i/John Reckzeh, "Addition and Subtraction Situations," The Ar.Lthmetic 
i Teacher (April, 1956), 3:96. 
ya1enadine Gi.bb, "Children's Thinking in the Process of Subtraction," 
Journal of Experimental Education (September, 1956), 25:70-80. 
4 
"These implications are based on results of an in-
vestigation of the problem-solving behaviors of a group of 
children in one locality. Findings for other t~ep of 
localities are needed to support these results."~ 
Perhaps with the data obtained from her research, and that fran this 
i !i study, which concerns grades 3 and 4, a broader representation can be 
!! 
!i established for further inquiry. 
Scope of the study.-- Six third grades and six fourth grades, which 
included 257 pupils of the Emerson, Franklin, and Williams schools of 
Newton, Massachusetts, were used in this study. 
A test, composed M fonns A, B, and c, with twelve problems in each 
form, was administered on three separate days. Included in each form was 
at least one, and in some instances two, of each of the above mentioned 
1i social problem-situations for which subtraction is an appropriate operation. 
n 
:i 
Other problems of addition, multiplication, and division made up the rest 
of each test form. 
This study included the construction of test items, the adminis-
tration of the tests in February, and an analysis of the responses in 
relation to intelligence, grade level, and the extent to which subtraction 
"ideas" were recognized more readily in some kinds of situations than 
i in others. 
'I !! 
d ,, 
I! ~ I 
:) 
:, 
,!/Gibb, ibid.' p. 78. 
5 
CHAP'IER II 
REVIEW OF RELA'IED LI'IERA'IURE AND RESEARCH 
The process of subtraction is one of the basic concepts taught in 
elementary school mathematics. To be effective, careful~ planned 
!1 
il 
:1 instruction Ui the uses of this process must be given for a clear under-
u 
' 
standing of its laws of operation. 
In the planned arithmetic program, a child is introduced to the uses 
of subtraction through many social problem-situations. He learns to 
recognize subtraction as an appropriate operation to use as he attempts 
to solve the question presented in a given situation. 
The issue here is: What kinds of subtraction "ideas" or "situations" 
should be identified in a systematic arithmetic program? How, too, are 
these "ideas" to be presented without confusion to the child? 
Leading authorities connected with the planning and organization 
of programs of mathematics do not agree on the answers to the above 
question•• 
This report of related literature is recorded to give the varied 
' opinions expressed by authors of professional arithmetic textbooks con-
cerning the uses of subtraction. In addition, those interested in a 
clearer understanding of mathematical concepts have made suggestions for 
possible approaches in the teaching of the subtraction 11 ideas11 • 
Definition of terms.-- The meaning of subtraction has been defined 
by many people in relation to three types of ideas - the additive, 
6 
subtractive, and comparative situations. All of the subtraction •ideas" 
identified by authors are usuallY given in terms of the above situations. 
Buckingham,!/ in illustrating the subtraction "ideas" defines an 
additive subtraction situation: 
"As for the idea of addition, it is generallY 
associated in some way with the thought of how much more 
is required to produce a certain result?• 1 
An identification of the subtractive situation is given by Reckzeh~ 
"The basic subtraction situation is that in which a 
known part of a group of specific size is removed. The 
purpose of performing the subtraction is to determine the 
size of the r..majnjng portion of the original group.• 
The third type, the comparative situation, is identified by Gib'bll 
in these words: 
"If the number of objects in each group is known, one 
can fim.d how aan.y more objects are in one group than in the 
other •••••• If the number of objects in each group is known, 
one can find how many fewer are in one group than in tha 
other.• 
These terms of additive, subtractive, and comparative subtraction 
are referred to by the many authorities cited here. Their meanings are 
important in understanding the need tor classifying the subtraction 
situations. 
The significance of subtraction in £roblem-sol~ situations.--
To return to the question referred to above: What kinds of subtraction 
!7Burdette R. Buckingham, Element:x!.Arithmetic, Its Meaning and Practices, 
Ginn and Company, Boston, 1953, P• 3. 
2/John Reckzeh, "Addition and Subtraction Situations,• The Arithmetic 
Teacher (April, 1956), 3:9$. 
3/E. Glenadine Gibb, "Take Away Is Not Enoughl", The Arithmetic Teacher 
{April, 1954), 1:8. 
7 
I 
!! 
jl ~ I .II p"irdoegarsam"?or "situations" should be identified in a systematic arithmetic 
There are several different opinions regarding the answer to 
I 
this question. 
Grossnickle and Bruackner11 believe that subtraction has two distinct 
uses. "First it is used to find a remainder after part of a group has 
been taken away. Second, it is used to compare the sizes of two groups." 
They identifY four situations in which it is necessary to subtract: 
1. To find how many are left 
2. To find the difference 
3. To find how many more or less one group is than another 
4. To find the integral part of a group or "other-part". 
The fundamental idea of subtraction, according to Buckingnam5/.is 
finding the "other number". He classifies the several kinds of situations 
I in which finding the 
11 other numberu is appropriate as the 11 take-away" 
II idea, the "comparison" idea and the "addition" idea. 
I Within each grouping, he gives illustrations as to the problems 
! r which may fall in each category. For example, under the 11 take-away" idea, 
I 
II 
!I II 
II I, 
:I 
II 
li 
il 
II II 
II 
·I 
Buckingham includes situations which answer these questions: How many 
are left? How many are gone? How many are in the other part? 
'The "comparison" idea can be used to tell how much more (or less) 
one number is than another, or the difference. 
The additive subtraction is associated with "how-much-more-is-
needed" to have a certain amount. This may be converted into a 11 take-away" 
i/Foster E. Grossnickle and Leo J. Bro.e.okner, Discovering Meanings in 
Arithmetic, The John c. Winston Company, Philadelphia, 1959, pp. 156=157. 
~Op. cit., PP• 62-63. 
lj 8 
I 
j 
type of subtraction. 
Buckingham concludes by stating: "The idea may be take•away6 cca-
parison6 or addition, but the operation is subtraction.• 
Marks, Purdy, and Kinney!/ happen to agree with Clark and Ead~ 
on the basic meanings of subtraction. They assert that th• are three 
f"und811.ental kinds of questions answered through subtractions How many are 
left when a small group is taken from a larger group? How much larger is 
one group than another? How maQY more are needed? 
The first is classified as a subtractive idea and is believed to be 
the easiest for children to comprehend. The second is the comparison idea 
which is used to find the difference between two groups. The last is 
termed an additive situation and, according to the above authors, the 
most difficult to grasp. 
McSWain and Cook&21 similarlJ relate that subtraction is removing a 
part of a whole object or a group of objects from a larger group. other 
important thought processes for subtraction are the mathematical procedures 
of finding how much must be added to a given component to obtain a known 
stm. Here, the relationship of addition and subtraction is shown. 
Jo L. Marks, c. Richard Purdy6 and Lucien B. Kinney 6 Teaching 
ithmetic for Understanding1 McGraw-Hill Book Compall1'1 Inc., New York, 
19sa, P• m. 
2/John R. Clark and Laura K. Eads, Guiding Arithmetic Learning, World Book 
~ompany, New York, 1954, PP• 63-64. 
3/E. T. McSwain and Ralph J. Cooke, Understandt5¥ and Teaching Arithmetic, 
Henry Holt and Company6 New York, 195)6 PP• 56- 7. 
9 
• 
• 
• 
It is Hickerson's!! belief that of the many kinds of conditions and 
questions which apply to the operation of subtraction,. all can be reduced 
to three fundamentally different mathematical concepts: 
1. How much is left when I take one number from another 
number? (9 - 4 ~ ?) 
2. How much must I add to one number to make another 
number? (4 + ? = 9) 
3. How much must I take away from one number to make another 
number? (9 - ? • 4) 
The author does not reveal what situation should be taught first. 
Rather, his position, in order to be consistent, is that no one method be 
taught. 'Ihe situation will determine the nature of subtraction. The child, 
himself, must visualize what is happening and proceed from there • 
J 
It is interesting to note at this point, just what children may have 
concluded about the uses of subtraction. Edna Wisely,5/ in an article 
written to show teachers that children can make their own discoveries, 
records what a group of fourth graders did with the topic of subtraction. 
After much discussion, motivation, and illustration, the children 
were able to make the following general conclusions: 
Subtraction is: 
1. Taking groups apart 
Subtraction is used to separate one group into two 
small groups; one of the smaller groups being knowu. 
Y3. Allen Hickerson, Guidin Children's Arithmetic 
Hall, Inc., New York, 19 , pp. 1 -10 • 
eriences, Prentice-
2/E~a Wisely, "An Approach to Problem Solving," _Th_e _ ........ _--.;._T_e_a_c_h_e_r 
.. tA.prJ..l, 19571:~ h:.l27. 
1n 
-- ·----···- =·--=·-·==- - --
2. Comparing groups 
Subtraction is used to compare two known groups. 
Christofferson,!/ in speaking of the attempt on the part of teachers 
to help children recognize situations, says that subtraction is often over-
simplified by being interpreted as only "regrouping," or separating a group 
of numbers into parts. He gives the illustration of five blocks in a group:: 
and two blocks are taken away or placed in a separate group; how many blocks 
remain? He points out that there are no fewer blocks; two are just grouped 
separatelY from the other three. 
However, if there were five coold.es on a plate and Johnny ate two of 
them, this does reduce the number of cookies and actually is a "take-away" 
situation. Therefore, the idea of regrouping does not include this 
situation. 
Christofferson also recognizes the "comparison" situation which is 
not included under the "take-away" or the "regrouping" ideas. Thus, it is 
his opinion that ideas must be taught and understood individuallY; other-
wise, children will have trouble in using subtraction when confronted with 
varied social situations. 
Glenadine Gibb,Y recognizing too, that the 11 take-away" idea is not 
the onlY type of subtraction situation, classified three main groups of 
social problem-situations for use in her investigation of the processes 
of subtraction. 
They are as follows: 
hristof'ferson, WWho Said 'Simple Arithmetic'?" NEA Journa1 
19.59), 48:.51-.52. 
g/Gibb, op. cit., PP• 7-10. 
"I. Subtractive Problems 
======-=~--=--- -'---=---=,-========-r;====;==, ==== 
,, 
A. When a sub-group is removed fran a given group, one 
can find how much is left. 
B. If an unlmown sub-group is removed from a given group 
and the remainder is lmown, one can find how much was 
taken. 
c. If the sub-group is lmown and the remainder is known, 
one can find the original group. (How many were on the 
table?) -
II. Additive Situations 
A. If 2 known groups are combined, then one can find the 
total group. (How many in all?) 
B. If an unknown group is combined with a known group to 
give a total which is also known, one can find the 
unknown group. (How many more needed?) 
C. If a known group is combined w1 th an unknown group and 
the result is known, one can find how many there were 
in the original group. (How many had?) 
III. Comparison Problems 
A. If the number of objects in each group is known, one 
can find how many more objects are in one group than 
the other. 
B. If the number of objects in each group is lmown, one 
can find how many fewer are in one group than in the 
other." 
It is evident, that although authors disagree as to the situations 
to be specifically taught, nevertheless, they recognize that subtraction 
problems are both additive and subtractive. Sane feel the additive method 
should be used in solving these problem situations, while others feel they 
should be solved solely b,r subtraction. 
Spitzer,1f cognizant of this fact, attempted to point out the 
advantages and disadvantages of both methods. 
The chief advantages of the additive method of subtraction are: 
(1) the language of addition, already familiar to the child, is used; 
( 2) in subtracting b.1 adding, the addition facts are used in a slightly 
different way and the pupil does not have to learn the subtraction facts; 
~Herbert Spitzer, The Teaching of Arithmetic, Houghton Mifflin and 
ampany, Boston, 19>4, pp. 104-105. 
(3) the pupil's thought process is positive as numbers progress from the 
smaller to the larger. 
The disadvantage of this method is that the beginner finds it 
difficult to separate the remainder from the minuend when certain "how 
many more are needed" situations are presented. 
The chief merits of the subtractive method are: (1) the process can 
be easil1 demonstrated with objects; (2) the process is logical in most 
•take-aw~" situations. 
The main disadvantage of this method is that it requires the mastery 
of the basic subtraction facts. 
Approaches for a better understanding of the subtraction ideas.--
Recognizing that children are having difficulty in solving the m&D7 dif-
ferent types of subtraction situations, several interested individuals haTe 
attempted through research and suggested approaches, to identify these 
situations in such a way as to be more clearly understood by children. 
To determine some of the different responses given by children for 
subtraction in certain problem-situations, GibJ/ recorded her investigation 
involving a group of second grade children in Dane County, Wisconsin. 
Some of her findings were as follows: 
1. Of three situations, •subtractive" problems were easiest 
to understand and were easiest for obtaining a correct result. 
2. Of the three situations, "additive" problems were solved more 
commonly by the process of addition rather than b1 subtraction. 
lJI• Gl.enadine Gibb, "Children's Thinking in the Process of Subtraction,• 
The Journal of ~rime~tal Education (September, 1956) 25:71-80. 
13 
===================================~ 
3. Of the three, "comparative" problems were the hardest for 
these children to understand. As many of these problems 
were solved by addition as b.r subtraction. 
Fran the above findings, it is evident that there is a need for care-
fully planned classroom situations in the teaching of the subtraction ideas.: 
. ]/ 
Van Engen, aware of the need for new approaches, states: 
"These problems should be taught so as to emphasize 
their similarities. This is in agreement with the newer 
psychology. They should not be taught b.r rule (to find 
how many more are needed, you subtract). Rule teaching and 
1 cue 1 teaching is a principle of the older psychology which 
is finding less favor in the modern classroom." 
Van Engen,Y attempting to simplify the approach in presenting certain 
of these "ideas," has classified three social problem~situations - two of 
which cause children the most confusion because they are told to subtract 
when confronted with them. '!he situations he cites answer the following 
questions: 
1. How many are there in all? 
2. How many- more are needed? 
3. How many were there at first? 
The first of these questions is the one that most people recognize 
as an addition problem. A teacher implants in the mind of a child "that 
the joining of two groups is addition." Then, confronted with questions 
2 and 3, he is told to subtract when he is actually trying to find one of 
the addends. These two situations become a joining process which was 
1/Henry Van Engen, "Which Way Arithmetic?", The Arithmetic Teacher 
{December, 1955) 2:136 • 
.Yibid., PP• 131-140. 
=====~-" 
. l 
I' .. 
temed as addition. Therefore, children want to add to solve these 
situations. 
Van Engen feels that these additive situations should be presented as 
. addition in order to avoid confusion. Children should learn to symbolize. 
For situation 2, a child should write a number equation, such as 6 +n = 9; 
9 
then subtract. by writing -6 and, finally, to interpret the results in terms 
. of the original situation by writing 6 + 3 • 9. The same procedure should 
follow for the third situation with the variation of n + 6 = 9. 
Although the children actually subtracted in these situations, the 
answer was written as an addend. This presentation shows the close re-
' lationship of some problem-situations to addition. 
Bucld.ngharJ/ agrees with Van Engen concerning the situation of 
"how many more are needed." He says of this same situation that: 
" ••••• can be converted into a take-away type of 
subtraction but the natural way of looking at it is to 
regard it as a case of incanplete addition. When it is 
so regarded, there is no subtraction." 
Reckze~ disagrees with Van Engen as to the definition of an addition 
· situation. He feels it is not enough to say that "addition is the joining 
of two groups," but rather, that "addition is the joining of two lmown 
groups to find the size of a single whole group." 
With this view taken, Reckzeh points out that Van Engen's given 
situations are no longer additive even though joining takes place because 
· the size of both groups being joined is not known. He feels the following 
situations are to be temed subtractive: 
YBucld.ngham, op. cit., p. 63. 
5/Reckzeh, op. cit., P• 96. 
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To a group of known size, it is necessa~ to detennine 
how lar~ a group must be added to obtain a larger group 
of lmown size. (How many more are needed?) 
To a group of unlmown size, a group of known size is added 
and the resulting group is known. (What was the original group?) 
The comparative situation in which 2 distinct groups of 
known size are compared to find "how much more or less" one 
group is than the other group. 
The major difference between Reckzeh and Van Engen is one of tem-
Reckzeh feels that a situation be called additive only when all 
problems stating this situation must be solved by addition. Since the 
situations mentioned are solved by subtraction, similarities should be 
found in each type for a clearer understanding of the solution. 
!I Weaver, going still further, has attempted to show how all the 
subtraction "ideas" can be unified under one "big idea". He states that 
J "all operations may be interpreted in terms of the regrouping idea." 
There are five social problem-situations identified by Weaver. 
I
I 
I! He illustrates "regrouping by separating" for the following ideas: 
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1. 
2. 
3. 
4. 
5. 
to find the part of a group that is 
to find the part of a group that is 
to find the other-part of a group 
to find the part of a group that is 
to find how many more or less there 
than in another group. 
left 
gone 
needed 
are in one group 
frJ. Fred Weaver, "Recurring Hathematical Ideas in the Arithmetic Program, 11 
rontiers of Elementa~ Education v, Syracuse University Press, Syracuse, I 
1958 • 43-54. 
I 
II II 
:I 
;j 
-"ik- ......... _,·o·= .. : .::;.c.__,_ ...... .. 
The first four situations are similar in that a group of known 
size, which is given, may be regrouped by separating it into two sub-
groups. The size of one sub-group is known, the other is unknown and 
must be determined. i' Specific illustrations are given for each of the ,. 
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four situations mentioned. Subtraction is the process used to find the 
size of the unknown group or part. 
The fifth situation is different for it involves two separate groups 
which are being compared. This can also be shown to include the "idea of 
regrouping b.1 separation" to find the other part. The larger group can 
be regrouped by separating it into two parts. One of these parts is then 
matched on a one-to-one basis with the objects of the smaller group. We 
are to find the size of the other-part of the larger group. 
Thus, there are two main uses of subtraction: (1) to find the 
other part of a group; ( 2) to compare two groups by determining the dif-
ference between them. 
In conclusion, Weave;!/ conceives that: 
"As children grow toward a fuller realization of the 
concepts just discussed, they see their application to the 
subtraction of numbers much larger in size than the ones I 
have used for illustrative purposes. Children also come to 
sense that in view of the idea of regrouping by separation, 
subtraction is not a 1decreasing1 operation which 'makes less'." 
These approaches are new and, as yet, must be given the benefit 
of true experience before they can be judged. Nevertheless, there has 
been an awakening to a need - that of defining and unifying problem-
il situations for the purpose of helping children to recognize the appropriate 
il operation for subtraction. 
·, 
:: yw'eaver, op. cit., p. 50. 
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CHAPTER III 
ORGANIZATION OF THE TEST 
Test items.-- For the purpose of constructing test items, it was 
necessary to examine several arithmetic textbooks to find the different 
types of subtraction situations presented in grades 3 and 4. 
A classification of these various subtraction ideas, given in the 
course "Improvement of Primary Grades Arithmetic" at Boston University 
during the fall semester of 1959, was chosen from several others to be 
used as a guide for constructing suitable problems. 
The classification, with illustrations of each type of subtraction 
problem-situation used, is as follows: 
I. Part-whole situations 
A. Subtractive-type situations 
1. Part-left situation 
Ex. - There were twelve children playing in the school 
yard. Five children went home. How many children 
are still in the school yard? 
2. Part-gone situation 
Ex. - Peter had 9 cookies. He gave some of them 
to Jean and kept 5 for himself. How many 
cookies did he give to Jean? 
18 
B. Additive-type situations 
1. Part-needed situation 
Ex. - David must have $1.00 to buy a tractor. He has 
only 20¢. How much more money does he need to 
buy the tractor? 
2. Part-at-first situation 
Ex. - John had some rnarbles. He played a game and 
won ten more marbles. Now he has 25. How many 
marbles did he have at first? 
C • Ivliscellaneous other-part situations 
Ex. - There were 12 lollipops in a box. Five lollipops 
were grape and the rest were cherry. How many 
lollipops were cherry? 
II. Whole-whole situations 
A. Canparison situations 
1. Excess situation 
Ex. - Paul has 12 crayons and Jack has 7 crayons. How 
many more crayons does Paul have than Jack? 
2. Deficiency situation 
Ex. - Patty colored 9 paper doilies for the party. 
Jean came late and colored only three. Jean 
colored how many fewer doilies than Patty? 
3. Comparison/difference situation 
Ex.- The boys played a game of basketball. The Tigers 
finished with a score of 37 points. The Lions 
ended with a score of 19 points. What is the 
difference in the scores of the two teams? 
Using this classification as the basis for the subtraction items, 
several original problems of the~s listed above were constructed. 
Together with these, same problem-situations to be solved by the processes 
of addition, multiplication, and division were included. 
Some of the problems were worded with specific "cue" words as "how 
many are left" or "how many were gone," while others contained no "cue" 
word at all, but simply asked a related question. Extraneous information 
or the wrong "cue" word (i.e., asking how many are left in an addition 
problem) were inserted in a few instances. In every problem, whole 
numbers only were used. 
Organization of the test.-- Since the purpose of this investigation 
was to analyze children's responses in solving certain social problem-
situations related to subtraction, a test was constructed in three forms. 
Each fonn of the test, A, B, and C consisted of twelve problems. Included 
in the respective forms was at least one, and in some instances two, of each 
of the soc~al problem-situations of subtraction mentioned above. Other 
problems of addition, multiplication, and division were inserted throughout 
to serve as dis tractors, making up the rest of the twelve i terns in each form. 
The format used throughout the test was the same. (Copies of the test 
appear in Appendix c.) The directions for pupils given on page 1 of each 
form were similar, except that sample questions were given on Fonn A only. 
At the right of each problem, a box was provided for computation. 
The children were directed to do all figuring in the box and to 
circle the answer. 
20 
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Administration of the test.-- The tests were given to six third 
grades and six fourth grades of the Emerson, Franklin, and Williams schools 
of Newton, Massachusetts, in Februar,r, 1960. This involved a total of 
.300 children, 154 from grade three and 146 from grade four. 
Each teacher was given directions for administering the test and an 
I.Q. data sheet to be filled out and returned with the test forms. 
The test forms were to be given at the saae time within each school, 
with a day intervening between each sitting. Form A was to be given first, 
then Form B, and last Form c. All the tests were to be given to all the 
children in the classroom. 
The directions were read by the teacher and pupils together, then the 
sample problems were explained. The children received no further assis-
tance once the test vas start.ed. '!'here was no time limit, and eac)l child 
was directed to hand in his test whenever he vas finished. 
Scoring of the tests.- On~ those cases in vh.ich the child used all 
three forms of the test were suitable for ana~sis in this stuey. After 
the test forms of those who had not taken all three parts were eliminated, 
a total of 257 completed tests were left; 1.36 from grade 3 and 121 from. 
gr&de 4. 
The test items were scored separately for the correctness of the 
answer given and for the selection of process. Each sample was aarked 
right, wrong, or omitted. Each example vas marked also with an ! for 
addition, M for aultiplication, S for subtraction, D for division, and ? 
- - -
for process not shown. Tables showing the results of this scoring are 
included in Appendix D. 
Data, specific to the problems on subtraction, are presented and 
analyzed ~ Chapter IV • 
CHAPTER IV 
PRESENTATION, ANALYSIS, AND INTERPRETATION OF DATA 
'lhe data in this chapter were compiled from pupil responses in 
grades 3 and 4 on arithmetic problems containing subtraction situations. 
Although the test constructed for this study included some 
problem-situations to be solved by the processes of addition, multiplica-
1 tion, and division, nevertheless, the prime consideration here is for 
those social situations in which subtraction was an appropriate operation 
to use. Accordingly, all of the essential data presented in this chapter 
are pertinent only to those problems which can be solved by the process 
of subtraction. 
Table I shows the distribution of the Intelligence Quotients as 
obtained from the K.uhlmann-Anderson Intelligence Test given to the 
1
1 grade III classes in January, 1960, and to the grade IV classes in 
II January, 1959. 'lhese scorelJ have been arranged in intervals of five to 
I 
' 
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,I 
include the wide varia bill ty of scores, ranging fran the highest score of 
139 to the lowest score of 11. 
The frequency, or number of cases in grades 3 and 4 which fall 
within each interval, are placed beside the I.Q. scores. The frequency 
for both grades together is also included. 
For grade 3, the mean score of the distribution of the intelligence 
quotients was 107.15 with a standard diviation of 9.95. For grade 4, 
the mean score was 106.30 and the standard deviation 9.10. Upon examining 
I 
I 
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the distributions of both classes combined, it is evident that most of the 
cases are within one standard deviation from the mean, or between the 
I.Q. scores of 97 and 116. 
Table 1. Distribution of Intelligence Quotients 
Freguencz 
Interval Grade 3 Grade 4 Total 
135 - 139 1 0 1 
130 - 134 2 1 3 
125 - 129 3 2 5 
120- 124 7 3 10 
115 - 119 15 14 29 
110 - 114 25 28 53 
105- 109 34 22 56 
100- 104 18 28 46 
95 - 99 17 8 25. 
90- 94 10 9 19 
85 - 89 3 6 9 
80- 84 0 0 0 
75- 79 1 0 1 
N : 136 N = 121 N = 257 
M • 107.15 M : 106.30 M: 106.70 
S.D. : 9.95 s.D. = 9.1o s.D. = 9.55 
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I For purposes of showing the extent to which children were able to 
II choose the correct process to use in solving subtraction problem-
li 
jl 
situations, Table 2 was formulated. 
The figures on the left of Table 2 represent the number of instances 
in which subtraction was chosen out of a possible 22 situations included 
in the test fonns. The figures on the right indicate the number of 
children and the per cent of children in each grade who chose subtraction 
in a stated number of instances. The same infonnation was then determined 
for both grades together. 
To illustrate, only 22 children or 16 per cent of the children in 
II grade 3 were able to choose the correct operation for all 22 subtraction 
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situations; but 60 children or 49 per cent of the children in grade 4 
were able to do so. Of all the children tested in both grades together, 
31 per cent were able to recognize the correct operation of subtraction 
ever.y time it appeared on the test. Heading across for 21 of the 
subtraction instances, one is able to see that 15 per cent of the children 
in grade 3 and 18 per cent of the children in grade 4 chose the correct 
process, missing only one of the subtraction situations presented on 
the test. 
These results show that a larger percent of children in each grade 
were able to choose subtraction in all, or nearly all of the times these 
situations appeared on the test. 
Of the total 257 children tested, almost 50 per cent of them were 
able to select the proper operation in 21 or 22 of the instances given 
on the test. 
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It is evident, also, that the children in grade 4 recognized sub-
traction situations more readily than the children in grade 3. 
Table 2. The Correct Selection of the Subtraction Process 
I' ,! 
i! 
,_ 
ll 
~ ' Instances of the Grade 3 Grade 4 Total li 
correct operation Number of Number of Number of !; 
for the total test Children % Children ~ Children ;b ii ~~~~~~~~--~~~~----~--~~~~----~--~~~~----~ 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
22 
22 
14 
8 
11 
7 
8 
13 
5 
5 
6 
1 
5 
3 
5 
0 
0 
1 
0 
0 
16% 
15% 
10% 
5% 
8% 
5% 
5% 
9% 
3% 
3% 
4% 
.7% 
.3% 
2% 
.3% 
.7% 
60 
22 
12 
5 
3 
3 
4 
0 
1 
2 
2 
2 
1 
0 
0 
2 
0 
1 
0 
1 
49% 
18% 
9% 
4% 
2% 
2% 
.3% 
.8% 
1% 
1% 
1% 
.8% 
.8% 
.8% 
82 
44 
26 
13 
10 
12 
13 
6 
7 
8 
3 
6 
3 
5 
2 
0 
2 
0 
1 
31% ,, li ! 
17% 
5% 
2% J' I! 
2% 1: 
II 
.3% j; 
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What relation, if any, exists between children's I.Q.'s and their II 
r 
Jl ability to select correct]y the operation of subtraction? 
Table 3 on the following page gives the mean correct selection of 
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the subtraction operation for the children tested in grades 3 and 4 
according to the I.Q. categories of above average (110 and up), average 
(90-109), and below average (below 90) abilities. 
The different means were computed by first totaling the nwnber of 
instances in which all the children within a given I.Q. category were 
able to choose the subtraction process. This total was then divided by 
1/ the nwnber of children within each ability range. 
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Out of a possible score of 22 correct choices of the subtraction 
operation, 53 children from grade 3 within the I.Q. category of 110 and 
up were able to obtain a mean process score of 18.7. 
In grade 4, a mean process score of 21.2 for 48 children in this 
same grouping shows an even greater ability to recognize the correct proces 
Upon examining the mean process score for each grade within a 
particular I.Q. category, one can see that in every instance, the children 
in grade 4 obtained a higher mean. 
Furthennore, at each grade level separately and for the two grades 
together, the mean increased consistently from the low I.Q. category to 
the high I.Q. category. 
None of these differences ~tested for statistical significance, 
11 
however. 
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I.Q. Category 
110 and up 
90 - 109 
Below 90 
Table 3. The Mean Correct Selection of the Subtraction 
Operation within Three I.Q. Categories 
Grade 3 Grade 4 Total 
~umber" Mean Number*t Mean Number* Mean 
' 
53 18.7 48 21.2 101 19.9 
79 16.6 67 19.2 146 17.8 
4 12.2 6 16.0 10 14.5 
Number*l36 Numbe~12~ Numbei* 257 
*H'UIIber o£ children 
II 
II 
The data presented thus fa~ h8.19 dealt primarily with the mental 
abilities of the children tested and the extent to which these children 
were able to choose subtraction as a correct operation to use in solving 
certain social problem-situations. The on~ information given about these 
social problem-situations was that the correct process for a solution was 
subtraction. 
It is here that the classification of the subtraction situations, 
used in the planning of the test items, becanes significant. 
In the following tables, various data, pertinent to the specific 
subtraction situations, is presented for a proper analysis of the problem. 
Table 4 shows the number of children and the per cent of children 
who chose the correct operation for each of the listed subtraction 
"situations" presented on the three test forms respectively. This same 
information is also given for all three test forms combined. 
To locate the t,ypes of situations which were the most frequently 
recognized and those which were the least frequently recognized within 
each test form, it is necessar.y to speak of the test forms separately. 
It is well to keep in mind that the number of children tested was 257. 
In Form A, the 11 part-gone11 situation was the one recognized most 
extensively with 254 or 987b of the children using the correct operation. 
Second to this for recognition was the "part-left" situation where 95% 
of the children used subtraction. The least known lvas the "part-at-first" 
situation with 70% of the children recognizing it. 
Using the table in the same way for Form B, it can be seen that 
the "part-left", "other-part", and "part-gone" situations were the most 
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Table 4. The Number and Per Cent of Children Who Chose the 
Correct Operation for Each Subtraction Situation. 
Number of C~ldren Tested - 257 
Subtraction Problem Form/A Fom B Fonn C Total 
Part-left 246 252 210 708 
95% 98% 81% 91% 
Part-gone 254 235 444* 933 
98% 91% 86% 90% 
Part-needed 199 214 354* 767 
77% 83% 68% 74% 
Part-at-first 181 167 199 547 
7tf/o 6~ 77% 70% 
Other-part 209 504* 203 916 
81% 98% 78% 89% 
Comparison 461* 209 221 891 
89% 81% 85% 86% 
*In this test Form there were 2 problems of this t,ype of situation rather 
than 1. -
--------==#::=============--=-=--=-==========#==== 
widely recognized with the "part-at-first" situation again being the 
! least known. 
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In Form C, a smaller percentage of children used subtraction for 
each situation. Here the "part-gone", "comparison", and "part-left11 
situations with percentages in the 801 s were the most readi~ identified 
and the 11part-needed11 idea was the least. 
Looking at the totals for all three test forms, it is evident 
that the subtractive "ideas" of the 11part-left11 and 11 part-gone11 situations 
were first in recognition, the "other-part" and "compara tive11 situations 
were next, and the additive 11ideas11 of the "part-at-first" and 11part-needed1 
situations were the most difficult to recognize. Still, for these additive 
11 ideas 11 , 70 and 74 per cent of the children were able to use the correct 
operation. 
Looking at the table horizontally for each subtraction "idea", 
one finds that a situation was understood more readily in one test form 
than in another form. This may be due to the fact that the same type of 
problem-situation appearing in one form contained "cue11 words, while in 
another form the situation contained extraneous information or the wrong 
11cue" word. 
It is apparent from this ana~sis that some subtraction situations 
I
I are recognized more readily than others, and that the need for subtraction 
in each of the six situations was recognized by at least 70 per cent of 
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the children on the test as a whole. 
The facts presented in the previous table revealed the number of II II I ll children who chose the correct operation for each type of subtraction 
II II 
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situation. Of those children who chose the correct operation, how many 
were unable to arrive at a correct answer? 
Table 5 shows the number of children and the peru:ent of children 
I' who did choose subtraction to solve each type of situation, but had the 
I 
II 
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wrong answer. These data are recorded for the three test forms respective 
and, then, for a tetal of the test forms combined. 
Of the 246 children who recognized the "Part-left" situation ia 
Form A (revealed in Table 4), 40 children or 16% of them obtained a wrong 
answer. For this same subtraction •situation•, 25% in Form B and 1~ 
in Form C were unable to arrive at a correct answer. For all three test 
forms combined, 19% of those children choosing the proper operation for 
I
I the "part-left" situation, did not find a correct solution. 
l
i It is evident from viewing the totals of all three test forms 
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combined, that more children arrived at incorrect answers for the 
" cemparative•, "part-left•, and "part-needed" situations than for the 
other situations. The reasons why incorrect answers were obtained more 
readily for some situations and not as readily' for others were not 
determined as a phase of this stuqy. 
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Table 5. The Number and Per Cent of Children Who Chose the 
Correct Operation but Had the Wrong Answer 
N'Ulllber or Cli!Iaien Tesf:ea - 257 
. Suotraction Prooiem Fonn A Form B Fonn C Total 
Part-left 40 63 35 138 
16% 25% 16% 19% 
Part-gone 41 19 92 152 
ltn% 8% 20% 16% 
Part-needed 48 51 53 152 
24% 23% 14% 19% 
Part-at-first 23 15 23 61 
12% 8% 11% 11% 
Other-part 62 37 6 105 
29% 7% 2% ll% 
Canparison 94 65 30 189 
20% 31% 13% 21% 
I 
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Table 6 shows how consistently the 257 children tested in both 
grades were able to recognize each type of subtraction situation on all 
three forms of the test combined. 
The figures across the top of the table indicate the possible 
number of instances a subtraction situation appeared on the whole test. 
Some situations were presented as test items four times, while other 
situations appeared only three times. 
Looldng at the 11part-left11 situation, included three times on the 
test, 209 or 81 per cent of all the children were able to choose the 
correct process each time this situation was presented. Thirty-five 
children or 13 per cent of them recognized the "part-left" situation for 
subtraction two of the possible three times. Four per cent of the children 
identified this situation one time, and • 7 per cent failed to perceive 
it at all. 
The "part-gone" situation, appearing four times on the test, was 
recognized as a subtraction,operation by 191 or 74 per cent of the children 
each time. Reading across for this same situation, 17 per cent of the 
children subtracted in three instances, 6 per cent in two instances, 
1 per cent in one instance, and again, • 7 per cent did not recognize this 
I 
,, ~3 
situation at all. '!he rest of the table reveals similar infonn.ation for 11 
I il the other types of subtraction situations. 
II 
Taking the per cent of times each subtraction "idea" was identified 
every time it appeared on the test, it is evident that the order of 
recognition would be: (1) 'lhe "part-left" situation, (2) the "part-gone" 
situation, (3) the "comparison" situations, (4) the •other-part" situation, 
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(5) the "part-at-first" situation, and (6) the "part-needed" situation. 
il 
I' Fr~n this order of recognition, it is revealed that the subtractive 
"ideas" of the "part-left" and "part-gone" situations were the most widely 
recognized in evecy instance and the additive "ideas" of the "part-at-first' 
and 11part-needed11 situations were the least recognized. I 
Table 6. The Number of Instances a Child Chose Subtraction for 
Each ~ of Situation on all Three Forms of the Test. 
Number of Children Tested - 257 
Number of instances each 
subtraction situation 
appeared on the test 4 3 2 1 
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1% 
21 
8% 
46 
17% 
3 
1% 
15 
5% 
0 
2 
.7% 
2 
.7% 
17 
6% 
27 
10% 
1 
.3% 
3 
1% 
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li J. The following two tables, Table 7 and Table 8, correspond in 
II 
I! information to Table 6 mentioned previously. Table 7 shows the same 
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particulars for the 136 children in grade 3 and Table 8 gives a similar 
account for the 121 pupils in grade 4. 
Table 7. The Number of Instances a Child Chose Subtraction for 
Each Type of Situation on All Three Forms of the Test 
in Grade 3. 
Number of Children Tested - 136 
Number of instances each 
subtraction situation 
appeared on the test 4 3 2 
Part-left 
* 
101 25 
* 
74% 18% 
Part-gone 88 32 13 
64% 23% 9% 
Part-needed 47 34 28 
34% 25% 20';6 
Part-at-first 
* 
50 30 
* 
36% 22% 
Other-part 76 44 15 
55% 32% 11% 
Comparison 78 32 13 
57% 23% 9% 
1 0 
9 1 
6% .7% 
2 1 
1% .7% 
18 9 
13% 6% 
35 21 
25% 15% 
1 
.7% 
10 3 
7% 2% 
~5 
II 
'I I' ii 
li 
I' ,,
~-~----="=-==#=======-===--===-~=--=~;;;-' =-=-=-===================;:::#::;==== 
Table 8. The Number of Instances a Child Chose Subtraction for 
Each T,ype of Situation on All Three Forms of the Test 
in Grade 4. 
children in grade 3 were able to do so. For all four times that the 
"part-gone" situation appeared on the test, 85 per cent of the children in 
grade 4 and 64 per cent of the children in grade 3 recognized the correct 
operation. For each subtraction situation, grade 4 showed a greater skill 
for using subtraction every time a situation appeared on the test than 
grade 3. 
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In relation to these results, it seems pertinent at this time to 
I 
:1 
II II I! mention the subtraction "ideas" specifically taught in the series of 
I! 
jl 
I' 
II 
I 
.I 
I 
I 
,I 
II li 
I 
arithmetic textbooks used by the children in this study during the 
arithmetic program. 
Three of each of the classes in grades 3 and 4 used the arithmetic 
series of the World Book Canpany and three of each of the classes in both 
grades used the Winston Series. 
As a basis for comparison, the subtraction "ideas" taught b,y each 
series are given in Appendix B. It can be seen that in both grades both 
series teach the "part-left", "part-needed", and "comparison" ideas 
specifically. Neither series mentioned the "part-at-first" situation. The 
j· 11 other-part" concept is taught in grade 3 by the Winston Series and in 
grade 4 b,y the World Book Canpany. 'Ihe "part-gone" idea is taught 
specifically by the World Book Company in grade 4 only. 
I 
I· 
11 one to ask why the additive "idea" of the "part-needed" situation was one 
1
11. 
Comparing the results of this study with the above information leads 
I 
I 
I 
I 
II 
li of the least recognized when it was specifically mentioned b,y both 
II arithmetic series in both grades? How, too, were 70 per cent or more of I 
li•the children able to recognize the •part-at-first• situation when it was I, 
~~ n~t mentioned by either series? Also, the "part-gone• situation, being II 
!1 one of the most widely recognized b,y both grades, was mentioned b,y only one 1 
I
I series in grade 4. 
This comparison seems to conclude that children are able to recognize 
when to use subtraction to a marked degree whether or not each "subtraction 
situati.on" is taught speciticaD,- in a systematic arithmetic program. 11 
i 
II 
I 
" ll I 
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CHAPTER V 
SUMMARY AND CONCLUSIOIB 
Statement of the problem and procedure.-- The purpose of this study 
11 was to analyze, through testing, the extent to which children in grades 
three and four are able to recognize subtraction as an appropriate 
II operation to use in solving certain social problem-situations. 
I 
I A test, composed of three fonns with twelve problems in each fonn, 
I was used in this investigation. 
II 
II 
Included in each test form was at least 
II II 
I• 
I 
il 
I! !I 
II II 
II 
li 
I 
~I 
II 
II !I 
I 
II !I 
II 
one, and in some instances two, of each of the six problem-situations of 
subtraction classified at the beginning of this study. Other problems 
of addition, multiplication, and division were inserted throughout to serve 
as distractors, making up the rest of the twelve items in each fonn. 
Two hundred fifty-seven pupils at the third and fourth grade levels 
were used in this study. The test fonns were given at the same time within 
each school with a ~ intervening between each sitting. 'lhere was no 
time limit and no specific teaching of the problem situations required. 
The I.Q. scores and frequencies were given for each grade and a 
mean correct selection of operation was found for the three I.Q. categories 
of above average, average, and below average abilities. 
The per cents of the total number of pupils who chose subtraction 
for the different t,r.pes of situations analyzed were computed for the 
correct choice of process. Those choosing the correct operation but 
obtaining the wrong answer were also included. 
,, 
I 
II 
I 
l. 
II 
II ~9 
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II d 
li A final step in presenting the data was an analysis of how 
i: i' consistently the children in both grades were able to recognize each type 
il 
I 
I 
I 
II 
II 
'I 
li 
'i 
l 
i 
II 
II 
of subtraction problem-situation eve~ time it appeared on the test. 
This same information was given for grade 3 and grade 4 separately. 
Summary of the findings.--
1. The results of the problem test given disclosed that at least 
70 per cent of the children in both grades were able to 
choose the correct process of operation for solving each 
of the six subtraction situations included in the test. 
2. The children whose I.Q. ranged from 110 and above were able 
to choose the correct subtraction process in more instances 
than those with average or below average abilities. 
3. The subtractive "ideas" of the "part-left" and 11part-gone" 
situations were the most widely recognized of those 
presented with 91 and 90 per cent of the pupils in both 
grades using the correct process. 
4. The additive "ideas" of the 11part-at-first" and "part-needed" 
situations were the least recognized. Nevertheless, 70 and 
74 per cent of all the children were able to recognize the 
correct process. 
5. Of the classes tested, the children in grade 4 showed a 
greater ability in identifying subtraction for the different 
situations appearing on the test than grade 3. 
Conclusions.--
1. The data of this study conclude that, of the six social 
problem-situations for which subtraction would be a correct 
I 
I 
II 
I 
l 
II 
li 
I 
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!I 
II 
I' II li d 
I 
Ji 
II 1: 
II 
! 
II 
I 
i 
I 
II 
process of operation, the subtractive-t,ype problems were 
the easiest to identir,r; the additive-type were the most 
difficult. 
2. The ability to recognize the subtraction "ideas" used in this 
II II 
,, 
investigation was related to the I.Q. abilities of those tested. 
3. 'Dle implications from this study would seem to be that children 
I 
are able to use subtraction for problem-situations not I 
specifically taught in the arithmetic program. It would be r 
advantageous if one or two unifying ttideas" for all of the 
subtraction situations could be used so that children would 
see a similarity in the nature of these problems. 
Suggestions for further study.--
1. Inasmuch as this investigation involved a limited number of 
pupils in grades 3 and 4, further exploratory study is needed 
in other grades to give greater assurance in the results. 
2. An e:xtention of this study could be undertaken to discover 
the reasons why some subtraction situations are learned more 
easily than others. 
3. An e:xtention of this study could also be attempted to discover 
what particularly causes difficulty with those problems where 
the correct choice of subtraction is made, but the wrong 
answer is obtained. 
4. The differences between means in the various I.Q. categories 
could be tested for statistical significance. The same is 
true for the differences between numerous per cents. 
I 
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I I PROFESSIONAL TEXTBOOKS 
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II Subtraction Ideas 
'I Other 
11 Books by Authors Subtractive Additive Part Cannarison 
II 
! Part-' Largel Smallex Dif- I 
Par~ Part- Part- at- or or fer-
I . 1left i gone needed first: more fewer ence 
.I 
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* * I * * l Breu~kner ' i i 
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I 3. Clark and Eads 
* * I I * I * l * i ' ! 
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7. Morton 
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APPENDIX B 
CHILDREN1S TEXTBOOKS 
-
GRADE 3 
I 
I. 
i Subtraction Ideas I I 
I Other 
II jlooks 
I 
' b}'" Series l Subtractive Additive Part Can~arison 
, I , Part- Larger Smalle1 Dif-! 
' 
' !Part-IPart-lPart- at- or or 1 fer-: ! left 2one 1 needed first more fewer I ence i 
f 1~1 \ l l ! 1. Alzyn & Bacon • * * ' i L I I i 
i 2. ~ l •' American 
* * 
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I i I ' ' I * * * ) I ! i l I I I I l 
I j I I I 1 ! r 3. Ginn t * I * I * l * * i * i ' I i I I I 
! 4. i I I l 1 l l ! Heath ! * I * l * * * I l I l I I I ' ! i 
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* * * ' j j I I l 1 ' I l ! I I ; I I I , f 6. Laidlaw l* * * I * * I * j i ! I ! l 
I 1. i l I 1 I l l j Macmillan 1* * i * * I * I * 1 l l l I ! ' ' I ! I I j I I l ~ I I ~ \8 Row-Peterson * j * * * * l i • 1 _l ! I l : ; 
! 9. i ! l l I I 1 l I Scott, Foresman l* i * * l * * i I 
' 
I ' I 
' I j I j l l l ! I !].O. Scribner * l * * * * l l ' ! I ' I ' 
~1. I l ! I l I Silver Burdett I * * * * l * l { l l 
' 
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l* 
\ ' ' I l p.2. Webster ! \ * l ! * I * l * 1; l l 
'* 
! 1 I l '· 13. Winston 
* * * 
! 
* * ! l t j I I 
' l ~ l i I 14. World Book J* l * ! i * l * l J l I I I 
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textbook series. 
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!JAn * indicates the subtraction situation was mentioned by the arithmetic 
textbook series. 
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APPENDIX C 
To the Teacher 
As part o£ an experimental study on problem-solving for grades 3 and 
4, I am asking if teachers af these grades would be willing to administer 
this test to their respective classes. 
Enclosed you will find the test on problem-solving which has been 
divided into three parts - Forms A, B, and c. These forms will enable you 
to give the test on three different days, skipping a day between each form; 
such as, Tues., Thurs., Tues. or Wed., Fri., Mon. 
It is not necessary for you to correct the tests; therefore, there 
is no answer key enclosed. 
However, if you would list your children in alphabetical order or, 
if you would rather, list them according to assigned numbers given to 
each child at the time of testing, on the I.Q. Data Sheet and return that 
! to me along with the tests, I would greatly appreciate it. 
I£ at all possible, I should like the tests and data returned before 
Friday, Feb. 19, as the £ollowing week is vacation week. 
Directions about the test itself. 
1. The test should be given to all children at the same time. 
In order that this test remains a valid one, there should be no specific ,! 
teaching of problem-solving in between the administration of the test fonns. ,, 
2. The teacher is to give no help to the children. 
' 3. Be sure eve~ child does the problem-solving process in the space 
provided as it is necessary to see the complete process of thought on paper. ,\ 
I 
4. There is no time limit on this test. When a child has finished and 
has checked his work, you may take his paper. 
5. You may want to use these problems again at a later date, and there-
£ore, there is an extra copy enclosed. 
Please name the arithmetic text series you are using at present. 
Enclosures: 
1. Directions 
2. I.Q.Data Sheet 
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I.Q. DATA SHEET 
Name or Number I I.Q. Name or Number I.Q. 
I 
! 
I 
II Name 
jl or 
11 Number ----------
1' 
I 
Directions: 
Fo:nn A 
Problem-Solving 
Read each problem carefully. Pay special attention to what you are 
asked to find. Do your figuring in the box at the right of each problem. 
Then, draw !. ring around ~ answer after you have found it. Remember to 
lj put a ! sign or! sign if your answer is about money; otherwise, you do 
II not have to label your answers. 
118&4Piml 
I A. '!he girls went on a peanut hunt. Jane found 14 peanuts and Sue found 12. How many- peanuts I did both girls find together? 
II ii 
1
1 B. Bill eamed $4.95. If he spends $2.45 for 
i a pair of boots, how much money will he have I left? 
II 
II II 
1. Twelve glasses were on the table. A kitten 
jumped up and knocked off some of them, but 
il5 glasses were stlll on the table. How maey 
li 
'I glasses were knocked off the table? 
I 
2. Tanmy made his own .shoe shine kit. He spent 
$.49 for the wood, $.25 for the paint, and $.50 
1 for the polish. How much did Tamny1 s shoeshine 
\lldt cost? 
I Go on to the next page. 
14 
1:12 
@) 
$4.95 
.2.45 
.-
I 
I 
I 
46 
2. 
I 
II :! 3. David must have $1.29 to buy a tractor. He 
" II 11 . li only has seventy-five cents. How much money 
li 
j/ must David earn altogether to buy the tractor? 
for each swing? 
Go on to the next page. 
II 
J 
Fonn A 
I 
I 
,I 
i 
3. 
B. The bo.ys played a game of basketball. The 
Tigers finished with a score of 31 points. The 
I. 9. Eight girls want to take dancing lessons. 
I' 
' 
I 
The ballet shoes cost $1.98 a pair. How much 
will shoes for the eight girls cost? 
I, 
/!10. At the bakery shop, the cook took 25 
II pies and 15 cakes from the brick oven. Twelve 
I of the pies were apple and the rest were blue-
berry. How many pies were blueberry? 
jill. Sandy needs thirty colored dishes for 
I her party. The dishes come 6 in a package. 
How many packages should Sandy buy? 
I 
,12. Many soldiers marked in the big parade. 
At Cherry Street, 20 more soldiers came along 
with banners. Now there were 95 men marching. 
How many soldiers marched in the parade at 
first? 
Form A 
STOP 1 (Make sure you have circled your answers.) 
Name 
or 
Number 
------------------------
Problem-Solving 
Directions: 
Form B 
Here are more problems for you to solve. Remember to pay attention 
to what you are asked to find. Do your figuring in the box at the right 
of each problem. Then draw a ring around the answer after you have found 
it. Since you have done problems of this type aiready, let's see how 
much better you can do with these. 
I ----------------------------------------------------------------------
1. The boys and girls want to play hide-and-seek. 
Joe is "It." Fifteen children are hiding. Joe 
finds 6 children, but the rest are still hiding. 
I How many children are still hiding? 
12. The new skating rink has just opened. After 
school, 80 boys were skating on the ice. At 
5 o1 clock, thirty-two of them went home for 
supper. How many boys stayed to skate for a 
While longer? 
.3. There are 8 tables in the clay room. Four 
children are working at each table. How many 
children are working in the clay roan? 
Go on to the next page. 
2. 
4. Sus~~ worked 35 minutes on her arithmetic 
lesson and 29 minutes on her spelling lesson. 
How many minutes did Susan spend on her 
homework lessons? 
5. There are 16 windows in the school 
auditorium. Nine of them are closed. How many 
windows are open? 
6. In Billy's pocket was some money. His 
mother gave him a half-dollar for painting the 
fence. Now he has $2. 00. What is the sum of 
money Billy had in his pocket before he 
painted the fence? 
7. La.rzy must have 150 gum wrappers so that he 
can send away for a toy cowboy ranch. He now 
has 94 wrappers. How many more gum wrappers 
Form B 
must he get before he can send away for the ranch_~--------------------~ 
8. Alice cleans her own room evecy morning in 
six minutes. It takes her younger sister 18 
minutes to clean hers. Alice cleans her room 
how many times as fast as Ann? 
Go on 
50 
l! 
il I! 3. 
,: 
r 
1
1 9. A rocket slrl.p in the store window costs $3.98. 
il John wanted to buy it, but he had only $3.00. !, 
h p i! Jimmy wanted to buy it, but he had just $2.15. 
,, 
li r Jimmy had how much less money than John to buy 
I the rocket ship1 II 
., 
I, 
!! 
II 10. Peter and his friends are making some racing 
!, 
!Jcars. Altogether they have 32 wheels. Each car 
!\must have four wheels. How many racing cars can 
llthey make? 
I' 
,I 
il 
i! j\11. Mike had 18 model airplanes on a shelf in his 
II 
jjroom. One day he bumped into the shelf on his· way 
I! 
out. All but 1 planes dropped to the floor. How 
many planes dropped from the shelf altogether? 
;I 
1112. Bobby passed the toy shop window,.. On the 
!bottom shelf he saw 6 chess sets and 4 checker 
'sets. On the top shelf he saw 5 dominoes sets and 
j12 chess sets. How ma~ chess sets did Bobby 
I see in the window? 
I 
I, 
II 
Fonn B 
: I 
: I 
---------------------
I 
l 
I 
! I 
! I 
STOP 1 (Make sure you have circled your answers.) 
!oston Un1Ter•ity 
~hool of Education 
Lib":try 
Name 
Or 
Number 
------------------------
Problem-solving 
Directions: 
Fonn C 
This is the last set of problems for you to solve. Remember to pay 
attention to what you are asked to find. Do your figuring in the box at 
. the right of each problem. Then draw ! ring around ~answer after you 
have found it. Let's see if this last test can be your best. 
1. Sally and Bob went to the airport to see the planes. ' 
i In one afternoon, they saw 9 airplanes land and 13 other : 
II 
1/ airplanes take off. How many different airplanes did 
they see? 
ij 
IJ 2. Bill had earned $1.75. He gave all but 2 quarters 
jl to the store clerk to pay for his new rocket. How 
I much money did the rocket cost? 
I 
1 3. In our Number Bingo Game, the Red team has 24 
1 points and the Blue team has 8 points. The Red team 
has how many times as many points as the Blue team? 
4. Carol set the table for her big birthday party. 
! 
II She put 25 paper plates and 16 napkins on the table. 
I How many more plates than napkins did Carol put on 
the table? ~---------!II 
Go on to the next a 
• 
I 
1/ 
2. Fonn C 
5. Miss Valentine had 166 boxes of seeds for her 
class to sell. The class sold all but 48 boxes. 
How many boxes did they sell? 
6. Linda went to visit her grandmother for two 
weeks. She has been there five days. How II1B.ey 
more days will she stay? 
7. Jerry went to the store with a half-dollar. 
He saw some peanuts which were 5¢ a package. 
How many packages of peanuts can Jerry buy? 
B. Jack has invited some new boys to join his 
club. Nine boys just became members. Now the 
total membership of the club is 35. How many 
boys were members of the club when it first 
started? 
Go on to the next page. 
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I 
I 3. 
I 
1 9. Nan is making a beaded bracelet for our Indian 
I
I display. She needs 12 beads for each row. In her 
design, she must have 4 rows of blue beads and 6 
I rows of yellow. How many blue beads must Nan have 
! for the design in her bracelet? 
I 
I; 
iJ 10. Mary Jane has $.5o. At the store she saw a doll's 
I; 
r dress for $. 79 and a little hat for $.55. How much 
I more money does she need to buy the Doll's dress? 
! 
li 
il 
1111. 
li 
H 
There were 16 boxe.s of lollipops in the candy 
r store. In 7 of the boxes were cherry lollipops. 
the other boxes were grape lollipops. How many 
!boxes of grape lollipops were there? 
I 
II I 
1 12. Patty went to the department store Pet Shop. 
In 
In a cage, she saw 22 parrots and 6 canaries. 
jsuddenly, the door of the cage opened and 7 parrots 
flew out. How many parrots were left in the cage? 
Form C 
STOP 1 (Make sure you have circled your answers.) 
APPENDIX D 
Total lTumber Tested - 257 
Ri ht .Answer Wron2 Answer 
A s 11 D ? A s M D ? Omit 
Form A 
"' 
Problem 1 213 41 3 
II 2 213 35 6 1 2 
"' 
II 3 1 151 1 43 48 1 5 7 
"' 
II 4 2 196 1 5 52 1 
II 5 175 12 57 1 12 
"' 
II 6 206 7 40 2 1 1 
II 7 79 6 31 22 22 14 11 72 
"' 
II 8 1 171 5 18 42 4 16 
II 9 3 43 56 12 81 14 48 
... II 10 1 147 2 31 62 2 12 
II 11 1 3 78 17 42 34 31 4 6 41 
* 
II 12 1 158 2 17 23 2 10 24 
-· I 
For:n ] i I l l 
... Problem 1 ! 2161 4 16 f 1 ~ ..- 1 
... II 2 I 189j J 63 1 1 ! 
II 3 22 '125 3 43 20 20 1. 7 16 
II 4 197 I 1 22 JJ 4 
* 
II 5 2311 4 21 i t 
1 
"' 
II 6 152 16 46 15 2 17 
* 
II 7 I 2 163! 3 24 51 13 ~ 
1 1 16 14 II 8 I i 1 23 185 5 2 10 
* 
II 9 I 14Ll 3 29 65 s 11 
II 10 I 2 1 101 ! 22 J2 Jl 14 8 8 38 
• II 11 216 3 7 19 3 9 
II 
:=t149 3 79 4 1 8 13 -.-~ I Form C I Problem 1 !209 1 1 11 33 I 1 1 2 * II 2 l 1651 9 26 42 3 6 6 II 3 ! t 48 4 26 142 14 4 5 14 
• II 4 I 191~ 4 28 JO I 1 I 1 2 • II s I 187! 1 11 so 
' 
8 ! 
II 6 171~ I 10 JO 21 I 'l I 1 7 14 • I l ..1 II 7 s! 1 s 99 1 35 21 44 ! 14 5 10 18 
... 
II g 2- 176 31 23 I 1 7 17 
' 
II 9 1 2~! 13o I 79 4 65 23 I 21 5 9 JO • II 10 I 9 L 62 32 I 6 15 II 11 I J 1 1911 6 27 6 I 1 J 14 • \I i 
• II 12 I 1 l; 2..2.._' 35 
r 2 15 I t 175, • - .... i ., 
*Subtraction Problems 
!! 
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Grade 3 Number Tested - 136 
-- ..... 
LP:J Answer \'Tron Answer 
A s H D ? 
-·- ·~..;.:..: __ 
~ S I-1 D ? Omi 
Ri ht 
t Form _A_ ___ 
• Pro"blem 1 107 28 l II 2 101 26 6 1 2 
• II 3 1 70 1 30 26 4 4 
• II 4 2 92 4 37 l 
II 5 84 9 J4 1 8 
• II 6 103 6 25 2 
II 7 6 5 27 17 4 2 10 65 
• II 8 1 78 4 14 24 3 12 
II 9 3 I 2 46 10 17 14 44 
"' 
II 10 ~ I 64 1 21 41 2 6 II 11 2 6 14 39 28 2 2 6 36 
* 
II 12 1 66 2 26 13 7 21 
·-- --
' 
FormJl _____ 
• :?ro'blem 1 ! 124 2 9 1 
"' 
2 
221 
88 
f 
2 45 1 
3 22 I 3 36 1.5 16 1 6 15 
4 90 I 1 10 24 2 -., 
* 5 122. 2 12 
• 6 1 6o 12 30 11 8 1.5 
• 7 1 I 71 2 16 34 1 11 II 8 1 1 19 94 4 1 6 10 
"' 
II 9 53 2 20 49 3 9 
II 10 2 l 1 7 20 I 30 24 7 2 8 35 
• II 11 ! 10.5 2 .5 1.5 2 7 
II 12 73 3 43 1 ~ ~ --- -- - --- ___,i_ 
lq.;:m._ c 
rlo6 I 61 Problem 1 8 20 2 
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II 2 77 7 17 23 6 • J 31 II J I 7 3 22 80 I 5 2 14 • II 4 
,I 91 I 3 20 21 1 * II .5 87 ~ 1 8 34 6 ... II 6 81 I 6 22 10 
I 
5 12 
II 7 t I 3 12 28 ~~ 36 7 1 10 16 l 1 ! 13 I ~I 14 • II 8 i 82 I II 9 I 20 I i 13 3 i! ~~ 
14 8 1 25 
• II 10 2 55 I 7 16 6! 14 I I 
• II 11 l 2 89 t l 4 q 20 i 6 31 12 
' 
~ ~ t I 
' • II 12 iJ 20 l 17 1 21 13 
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APPENDIX D 
Grade 4 Number Tested - 121 
Riii ht .l~swer Wron>'1: Answer 
A S M D 1 S !VI D 1 Omit 
1 
2 
3 
4 
.5 
6 
7 
8 
9 
10 
11 
12 
1 
2 
3 
4 
.5 
6 
7 
8 
9 
10 
11 
12 
112 
91 
107 
1 
76 
106 
81 
104 
103 
93 
83 
92 
CJ. 
111 
41 
1 
73 
72 
15 
94 
1 
1 
1 
1 
3 
9 
13 
1 
3 
1 
4 
4 
10 
10 
3 
11 
2 
1 
7 
3 
I 2 
4 16 
1 8 
1 4 
1 9 
2 2 
1 2 
36 
13 
22 
1.5 
23 
1.5 
.5 
18 
2 
21 
6 
10 
7 
18 
.5 
9 
9 
4-
17 
91 
16 
7 
4 
3 
1 103 3 13 
2 88 2 9 19 
3 41 1 4 62 
1 
18 
64 
29 
4 
1 
7 
1 
1 
12 
2 
2 
2 
1 
6 
2 
1 
1 
1 
1 
1 
1 
4 
4 
1 
3 
1 
3 
4 
1 
7 
4 
4 
6 
5 
3 
1 
2 
1 
2 
2 
4 
2 
3 
2 
2 
... II 4 100 1 8 9 1 
1 
J 
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1 
2 
1 
ll ... f! 
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II _5 100 J 16 2 
i! • 
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>t: II 10 1 
1
11 75 2 1 26 16 1 
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